Recent studies indicate that oligodendrocytes are vulnerable to excitotoxic insults mediated by glutamate receptors. The present study was carried out to characterize the type of glutamate receptors triggering cell death in optic nerve oligodendrocyte cultures. Acute activation of either AMPA or kainate receptors was toxic to oligodendrocytes, an effect that was prevented by CNQX. However, exposure to agonists of the NMDA and metabotropic glutamate receptors did not impair cell viability. Doseresponse curves showed that toxicity was mediated by three distinct populations of receptors: an AMPA-type receptor and high-and low-affinity kainate-type receptors. Expression and immunocytochemical studies suggested that the glutamate receptor subunits give rise to the native receptors in each population. In all instances, Ca 2؉ entry was a major determinant of glutamate receptor excitotoxicity. However, its influence varied for each receptor subtype. These results indicate that aberrantly enhanced activation of AMPA and/or kainate receptors may be involved in demyelinating diseases.
INTRODUCTION
Glutamate is the major excitatory neurotransmitter in the mammalian CNS. Excessive activation of ionotropic glutamate receptors can trigger neuronal cell death and may represent an etiological component in various neurological disorders, including seizures, ischemia, anoxia, hypoglycemia, and inflammation (Choi, 1988 (Choi, , 1995 Coyle & Puttfarcken, 1993; Lipton & Rosenberg, 1994; Michaelis, 1998) .
In addition to neurons, glial cells also express glutamate receptors (Steinhäuser & Gallo, 1996; Porter & McCarthy, 1997) . In particular, oligodendrocytes, the myelinating cells of CNS axons, express functional ionotropic glutamate receptors. Of the three main classes of ionotropic glutamate receptors, ␣-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA), kainate, and N-methyl-D-aspartate (NMDA) receptors (Hollmann & Heinemann, 1994) , oligodendrocytes express primarily the AMPA and kainate types (Steinhäuser & Gallo, 1996) . It has recently been observed that activation of glutamate receptors can be toxic to oligodendrocytes (Yoshioka 1996; Matute et al., 1997; Matute, 1998; McDonald et al., 1998) . These findings suggest that excitotoxicity may be a component in the etiology of demyelination disorders and cause the damage observed in ischemia-related conditions (Stys, 1998) . However, knowledge about the properties of the glutamate receptor types mediating toxicity in oligodendrocytes, and the cell death cascade they initiate, is still limited.
As an initial step toward clarifying the mechanisms leading to excitotoxic oligodendroglial cell death, the present study was designed to analyze the pharmacological characteristics and the subunit composition of the glutamate receptors involved. In addition, we have examined the dependence of excitotoxic cell death on the extracellular concentration of cations. The results indicate that activation of three pharmacologically distinct AMPA/kainate receptors can be lethal to oligodendrocytes and that various subunit combinations may contribute to the receptors mediating excitotoxicity. The presence of Na ϩ or Ca 2ϩ in the culture medium differentially affects the associated excitotoxicity, depending on the receptor type that is activated.
